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In the last decade, there has been an explosive increase in the demand for wireless
network data traffic. To deal with such monumental consumer requirement for
information communications, several notable technologies have been proposed, such
as small cell networks (SCNs), device-to-device (D2D) communications.
In the first half of the thesis, we address the critical issue of interference man-
agement in the D2D enhanced cellular network. To reduce the severe interference
caused by active D2D links, we consider a mode selection scheme based on the max-
imum received signal strength (MRSS) for each user equipment (UE) to control the
D2D-to-cellular interference. This will mitigate the overlarge interference from the
D2D links to the cellular links. Moreover, to improve the capacity of D2D-enhanced
networks, we consider that the typical user is no longer a random user which is
selected by a round-robin (RR) scheduler, as assumed in most studies in the liter-
ature. Instead, a cellular user with the maximum proportional fair (PF) metric is
chosen by its serving BS as the typical user, which is referred to as the PF scheduler
in the cellular tier. Furthermore, we quantify the performance gains brought by
D2D communications in cellular networks and we find an optimum mode selection
threshold to maximize the total area spectrum efficiency (ASE) in the network.
In the second half of the thesis, we adjust the antenna pattern to boost the area
spectral efficiency (ASE) of cellular networks when considering the height of the
base stations. Very recent studies have shown that the area spectral efficiency of
downlink (DL) cellular networks will continuously decrease and finally crash to zero
as the base station (BS) density increases towards infinity if the absolute height
difference between BS antenna and user equipment (UE) antenna is larger than
zero. Such a phenomenon is referred to as the ASE Crash. We revisit this issue by
considering optimizing the BS antenna downtilt in cellular networks. We investi-
gated the relationship between the BS antenna downtilt and the downlink network
performance in terms of the coverage probability and the ASE. Our results reveal
a notable conclusion that there exists an optimal antenna downtilt to achieve the
maximum coverage probability for each BS density. After applying the optimal an-
tenna downtilt, the network performance can be significantly improved, and hence
the ASE crash can be delayed by nearly one order of magnitude in terms of the BS
density.
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